Premyofibrils in spreading adult cardiomyocytes in tissue culture: evidence for reexpression of the embryonic program for myofibrillogenesis in adult cells.
Do adult cardiomyocytes use the same pathways hypothesized for the formation of myofibrils in embryonic cardiomyocytes in tissue culture. [Rhee, et al., Cell Motil. Cytoskeleton 28:1-24, 1994]? Premyofibrils in embryonic cardiomyocytes are composed of short sarcomeric units of alpha-actinin (Z-bodies) and actin filaments held together by short nonmuscle myosin IIB filaments. Premyofibrils are believed to be transformed into nascent myofibrils by their capture of muscle-specific myosin II filaments aligned in aperiodic arrays. Nascent myofibrils are thought to transform into mature myofibrils by the loss of nonmuscle myosin IIB, the fusion of the Z-bodies into Z-bands, and the periodic alignment of muscle myosin II filaments into A-bands. Freshly isolated cat and rat adult cardiomyocytes placed in tissue culture lack premyofibrils and nascent myofibrils. Adult cardiomyocytes spreading in culture reinitiate the synthesis of nonmuscle myosin IIB. Moreover, patterns similar to the proposed embryonic myofibrillar program first detected in spreading chick embryonic hearts were also detected in these spreading adult mammalian cardiomyocytes. The isolated adult cardiomyocytes begin to spread after 1 day in culture by sending out lamellipodia. When these cells are injected with fluorescently labeled alpha-actinin, linear arrays of short spacings of beaded alpha-actinin bodies are detected in the spreading edges of the adult cardiomyocytes. These dense bodies (Z-bodies) stain positively for the same sarcomeric-specific isoform of alpha-actinin that is in the Z-bands of mature sarcomeres. These linear arrays of alpha-actinin-containing Z-bodies have other characteristics of premyofibrils and are detected only in the spreading regions of the cells. Thus, these premyofibrils at the edges of the spreading adult cardiomyocytes stain positively for nonmuscle myosin IIB but negatively for muscle-specific myosin II. Initially, no vinculin is associated with any parts of the premyofibrils in the spreading regions of the early spreading cardiomyocytes. However, later, vinculin is found to be associated with the ends of the premyofibrils. Fibers that stain solidly for muscle-specific myosin II (i.e., nascent myofibrils) are localized between the peripheral premyofibrils and the centrally positioned, mature myofibrils. It is suggested that the puzzling ability of cardiomyocytes in hypertrophic hearts to reinitiate the synthesis of fetal sarcomeric proteins may be related to the reinitiation of the embryonic premyofibril program for myofibrillogenesis.